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(54) Waveguide-microstrip line mode transformer for microwave apparatus 



(57) The present invention relates to a waveguide- 
microstrip line mode transformer for a microwave appa- 
ratus, which comprises: 

a circuit board (113, 114), a microstrip line (113A) 
located on a first face of said circuit board (113, 
114), a probe (P) connected to said microstrip line 
(1 13 A), a grounding pattern (1 13B) formed on said 
circuit board (1 13, 1 14) in such a manner as to sur- 
round said probe (P), a grounding layer (114A) 
located on a second face of said circuit board (113, 
114) opposite to said first face, and a plurality of 
through-holes (116) formed in said circuit board 
(113, 114) for electrically connecting said ground- 
ing pattern (113B) to said grounding layer (114A). 



1 12- 



F ! G.I3A 

]ll2A 



II3A 1 1 3 

_^ L_ 



R l,3D R 



WZZZZZZZZ 



IIIIIHllllUHll 



use ,^ 



II4A 



CM 

< 

CO 
CO 

CO 
CO 

o 

Q_ 
LU 



Primed by Rank Xerox (UK) Business Services 
2.14.11/3.4 



EP 0 788 183 A2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to an output waveguide- 
mi crostrip line mode transformer for a polarization sep- 
arator for use with the converter. 

A polarization separator separates orthogonal 
polarization electromagnetic waves propagating in a cir- 
cular waveguide into a horizontal polarization wave and 
a vertical polarization wave, and is used with a recep- 
tion antenna or a like apparatus for broadcasting such 
as CS (Communication Satellite) broadcasting in Japan 
or ASTRA satellite broadcasting in Europe wherein hor- 
izontal polarization waves and vertical polarization 
waves are transmitted as orthogonal polarization waves 
modulated in various channels. 

A converter is integrated with a polarization separa- 
tor suitable to receive broadcasting of the type men- 
tioned above. 

Description of the Related Art 

Various broadcast waves are transmitted from arti- 
ficial satellites floating at the height of 36.000 Km from 
the ground. Of such broadcast waves, CS broadcast 
waves for commercial use can be received in Japan in 
addition to BS (Broadcasting Satellite) broadcast waves 
for use for television broadcasting. 

A broadcasting frequency band of microwaves or 
quasi millimeter waves (SHF) is utilized for such broad- 
cast waves. The broadcast waves are received by 
means of a parabola antenna normally installed on the 
roof, converted into predetermined frequencies by a 
converter and inputted to a tuner by which a broadcast- 
ing channel is selected. 

A parabola antenna for receiving orthogonal polari- 
zation waves of the CS broadcasting or the ASTRA sat- 
ellite broadcasting from among various broadcast 
waves is typically constructed in such a manner as 
shown in FIG. 8. Referring to FIG. 8, the parabola 
antenna shown includes a parabola reflector 81 for 
reflecting and converging radio waves from a satellite, a 
primary horn 83 for receiving the thus converged radio 
waves, a polarization separator 1 for separating the 
orthogonal polarization radio waves received by the pri- 
mary horn 83 into horizontal polarization waves and ver- 
tical polarization waves, and a down converter 84 for 
converting the horizontal polarization waves and the 
vertical polarization waves separated by the polarization 
separator 1 for individual channels by frequency conver- 
sion and supplying signals obtained by the frequency 
conversion to a television tuner not shown. 

Various polarization separators are conventionally 
employed for the polarization separator 1 in such an 
antenna for receiving the CS broadcasting as shown in 
FIG. 8 or a parabola antenna for receiving the ASTRA 



broadcasting. An exemplary one of such conventional 
polarization separators is shown in FIGS. 1 and 2A to 
2C. FIG. 1 is a perspective view of the conventional 
polarization separator, and FIGS. 2A to 2C are a front 
5 elevational view, a longitudinal sectional view and a top 
plan view, respectively, of the conventional polarization 
separator. 

Referring first to FIG. 1 , the polarization separator 
shown includes a substantially tubular member 1 and 

10 separates orthogonal polarization waves received by a 
CS broadcasting reception antenna or an ASTRA 
broadcasting reception antenna into a horizontal polari- 
zation wave component H and a vertical polarization 
wave component V. The tubular member 1 has a circu- 

15 lar waveguide 4 formed therein for propagating the 
orthogonal polarization waves therein. The circular 
waveguide 4 has a flange 2 to which the primary horn 
83 shown in FIG. 8 is securely connected. A plurality of 
through-holes 3 are formed in the flange 2, and bolts not 

so shown for securing the primary horn 83 shown in FIG. 8 
are fitted in the through-holes 3. The tubular member 1 
further has a rectangular opening 5 formed therein. The 
rectangular opening 5 has a major side in the direction 
of an axis of the circular waveguide 4 and serves as a 

25 horizontal polarization wave output terminal from which 
the separated horizontal polarization wave component 
H is extracted. A reflection plate 6 is located in the 
inside of the circular waveguide 4 and reflects only the 
horizontal polarization wave component H. The tubular 

30 member 1 further has a vertical polarization output ter- 
minal 7 from which the vertical polarization wave com- 
ponent V is extracted. 

Orthogonal polarization waves received by the CS 
broadcasting reception antenna or ASTRA broadcast- 

35 ing reception antenna are introduced in the directions of 
orthogonal arrow marks V and H shown in FIG. 1 into 
the tubular member 1 of the polarization separator by 
way of the primary horn 83. 

When the orthogonal polarization waves propagate 

40 in the circular waveguide 4 and reach the reflection 
plate 6 as indicated by arrow marks in FIG. 1 , the hori- 
zontal polarization wave component H of the orthogonal 
polarization waves is reflected by the reflection plate 6 
placed horizontally in the circular waveguide 4 so that it 

45 is outputted as indicated by an arrow mark H in FIG. 1 
from the output terminal 5 in the form of a rectangular 
opening having a major side in the direction of the axis 
of the circular waveguide 4. 

Meanwhile, the vertical polarization wave compo- 
se nent V of the orthogonal polarization waves is not 
reflected by the reflection plate 6 since it is orthogonal 
to the reflection plate 6. Consequently, the vertical 
polarization wave component V propagates straightfor- 
wardly in the circular waveguide 4 and is outputted as 

55 indicated by an arrow mark V in FIG. 1 from the output 
terminal 7 of the circular waveguide 4. 

It is to be noted that, since the output terminal 5 in 
the form of a rectangular opening has a cutoff structure 
(this will be hereinafter described) as viewed from the 
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vertical polarization wave component V, the vertical 
polarization wave component V is not outputted from 
the output terminal 5. 

As can be recognized from the structure described 
above, the conventional polarization separator sepa- 
rates orthogonal polarization waves into a horizontal 
polarization wave component H and a vertical polariza- 
tion wave component V while the orthogonal polariza- 
tion waves propagate in the polarization separator. 

Further, in the polarization separator, propagation 
of the horizontal polarization wave component H toward 
the output terminal 7 is prevented by the reflection plate 
6 which reflects the horizontal polarization wave compo- 
nent H in principle. Therefore, in order to sufficiently 
suppress the horizontal polarization wave component H 
from leaking to the output terminal 7 to assure a high 
separation efficiency of the polarization separator, the 
reflection plate 6 is formed long so as to increase the 
reflection efficiency of it. 

FIG. 17 generally shows in perspective view an 
exemplary one of conventional down converters for con- 
verting radio waves received by a parabola antenna into 
a predetermined frequency by down conversion. Refer- 
ring to FIG. 1 7, the down converter shown includes a 
waveguide member 110 having a waveguide entrance 
located at a focal position of a parabola antenna not 
shown, and a shield case 1 1 1 in which the waveguide 
1 10 is accommodated integrally. 

A waveguide-microstrip mode transformer section 
112 which will be hereinafter described is incorporated 
in the inside of the shield case 1 1 1 . A broadcasting sig- 
nal extracted from the transformer section 112 is con- 
verted into a signal of a predetermined intermediate 
frequency by a microwave integrated circuit (MIC) pro- 
vided on a circuit board 113 made of Teflon or a like 
material and is then connected to a tuner by way of a 
connector not shown. 

Such a pair of signal circuits for converting a chan- 
nel frequency of a horizontal polarization wave S H and a 
vertical polarization wave S v as shown in FIG. 18 are 
located on the circuit board 113, and each of the signal 
circuits includes a low noise radio frequency amplifier 
(RF amplifier), a local oscillator (OSC), a mixer (MIX) 
and an intermediate frequency amplifier (IF/AMP). The 
signal circuits and function circuits which include a sta- 
bilized power source section and so forth are disposed 
on a wiring pattern constructed as a distributed constant 
circuit on the circuit board 113. 

Thus, the converter is constructed such that it sep- 
arates received radio waves into horizontal polarization 
waves and vertical polarization waves in the waveguide 
of the waveguide member, processes thus separated 
signals S H and S v by the two respective signal circuits 
to obtain two intermediate frequency outputs IF1 and 
IF2 and supplies the intermediate frequency outputs IF1 
and 1F2 to a tuner on the reception side by way of a 
cable. 

As well known in the art, two dc voltages DC1 and 
DC2 for driving the converter are supplied from the 



tuner side to the stabilized power source and supply 
power to the stabilized power source section each by 
way of a coil L and a diode D. 

FIGS. 1 9A and 1 9B show a sectional view and a top 
s plan view of the transformer section 112 from which 
electromagnetic waves having propagated in the 
waveguide 110 are extracted by means of a microstrip 
line. 

Referring to FIGS. 19A and 19B, a central conduc- 

io tor 1 13A of a microstrip line printed on the circuit board 
1 13 is partially inserted by a predetermined length as a 
probe in an internal space 1 12A of the transformer sec- 
tion 112 through an opening 1 12B formed in the trans- 
former section 1 1 2. A grounding conductor (grounding 

75 conductor on the rear face of the circuit board 113) 
1 13B constitutes the microstrip line and is removed at a 
portion 1 13D thereof in the inside of the waveguide 110 
(transformer section 112). 

The conventional polarization separator is disad- 

20 vantageous in that, since the reflection plate 6 in the cir- 
cular waveguide 4 must necessarily have a great length 
so as to assure a high separation efficiency, the circular 
waveguide 4 has a great length particularly in the axial 
direction, and this makes it difficult to minimize the 

25 entire polarization separator 1 . 

Further, though not shown, since a rectangular 
waveguide member is connected to the outside of the 
rectangular output terminal 5 of the tubular member 1 , 
the opening of the output terminal 5 must have a suffi- 

30 ciently great size. Since the opening has a great size, 
the electromagnetic field in the circular waveguide 4 
adjacent the opening is disordered in distribution, and 
this results in production of a reflection wave to return to 
the input terminal of the circular waveguide or in leak- 

35 age of orthogonal polarization waves between the out- 
put terminals 5 and 7. Accordingly, there is a problem in 
that it is difficult to assure a high separation efficiency of 
the polarization separator. 

Furthermore, since the polarization separator and 

40 the converter are coupled to each other at an end por- 
tion of the polarization separator adjacent the output 
waveguide member, there is another problem in that 
they are complicated in structure and great in number of 
parts and requires much time to produce and assemble 

45 them. 

By the way, if the circuit board 1 13 in the converter 
is formed as a multi -layer circuit board, then the entire 
converter can be reduced in size and the mounting den- 
sity of MIC (microwave integrated circuit) parts installed 
so on the circuit boards can be increased and besides the 
conversion gains of signals can be enhanced. 

FIG. 20 shows a sectional view where a two-layer 
circuit board is used to construct a waveguide-micros- 
trip line mode transformer section, and in FIG. 20. like 
55 elements to those of FIG. 19 are denoted by like refer- 
ence characters. 

Referring to FIG. 20, a multi-layer circuit board 
assembly is composed of a circuit board 113 made of 
Teflon and another circuit board 114 made of glass, an 
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epoxy resin or a like material and is inserted in an open- 
ing 1 12B at an end face of a waveguide member 1 12. A 
grounding conductor portion of the multi-layer circuit 
board assembly is removed so that electromagnetic 
waves in the inside of the waveguide member 112 are 
extracted from a center conductor 1 13A of a microstrip 
line formed on the circuit board 113. In this instance, 
there is a problem in that electromagnetic waves leak to 
the outside from a joining location between the second 
circuit board 114 and a portion of the waveguide mem- 
ber 112. 

It is to be noted that the grounding conductor 1 13B 
has a thickness of 70 um, and it is difficult to scrape off 
only the second circuit board layer 114 leaving the 
grounding conductor 1 13B to obtain such a structure as 
shown in FIG. 19. 

SUMMARY OF THE INVENTION 

A polarization separator 

which is reduced in length without deteriorating the 
separation efficiency to achieve minimization and 
reduction in cost, 

wherein possible disorder of the distribution of an 
electromagnetic field in the proximity of an opening 
of the polarization separator at an output terminal of 
a polarization wave component reflected by reflec- 
tion means is suppressed to allow impedance 
matching at the output terminal to be established 
readily to enhance the separation efficiency, 

which is formed as a unitary member together with 
a converter to facilitate production and assembly of 
the polarization separator and the converter, and 

which prevents electromagnetic waves from leaking 
to the outside through a joining location between a 
second circuit board of a multi-layer circuit board 
assembly and a waveguide member, is defined as 
follows: 

A polarization separator for a microwave apparatus 
comprises a substantially tubular member having a cir- 
cular waveguide formed therein for receiving input 
orthogonal polarization electromagnetic waves, a first 
rectangular hole formed in a side wall thereof, a second 
rectangular hole formed in a portion thereof remote 
from the portion at which the input orthogonal polariza- 
tion electromagnetic waves are received, and a rectan- 
gular waveguide formed therein and extending between 
the circular waveguide and the second rectangular hole, 
and a reflecting pole located in the circular waveguide 
and having an axis extending perpendicularly to a direc- 
tion in which the input orthogonal polarization electro- 
magnetic waves propagate and also to a direction of a 
line along which the first rectangular hole and the center 
of the circular waveguide lie. 



With the polarization separator for a microwave 
apparatus, since reflection means for reflecting one of 
input orthogonal polarization waves is formed from the 
reflecting pole which may be in the form of a metal bar 
5 or rod such as, for example, a machine screw, the polar- 
ization separator can be produced with a minimized size 
and at a reduced cost. 

A further polarization separator for a microwave 
apparatus comprises a substantially tubular member 
10 having a circular waveguide formed therein for receiving 
input orthogonal polarization electromagnetic waves, a 
first rectangular hole formed in a side wall thereof, a 
second rectangular hole formed in a same plane in the 
same side wall thereof, and a rectangular waveguide 
is formed therein and extending between the circular 
waveguide and the second rectangular hole, and a 
reflecting pole located in the circular waveguide and 
having an axis extending perpendicularly to a direction 
in which the input orthogonal polarization electromag- 
20 netic waves propagate and also to a direction of a line 
along which the first rectangular hole and the center of 
the circular waveguide lie. 

Also with the polarization separator for a microwave 
apparatus, since reflection means for reflecting one of 
25 input orthogonal polarization waves is formed from the 
reflecting pole which may be in the form of a metal bar 
or rod such as, for example, a machine screw, the polar- 
ization separator can be produced with a minimized size 
and at a reduced cost. 
30 Preferably, dimensions of height and width of the 
rectangular waveguide are determined such that the 
rectangular waveguide has a cutoff frequency higher 
than that of a first one of the input orthogonal polariza- 
tion electromagnetic waves but lower than that of a sec- 
35 ond one of the input orthogonal polarization 
electromagnetic waves. In this instance, preferably the 
polarization separator for a microwave apparatus fur- 
ther comprises an iris fitted in at least one of the first 
and second rectangular holes and having an opening 
40 formed therein, the opening of the iris being smaller 
than the first and/or second rectangular holes. Since the 
iris suppresses otherwise possible disorder of the distri- 
bution of an electric field of a vertical polarization wave 
component, leakage of an undesired polarization wave 
45 component can be prevented, and consequently, a high 
separation efficiency of the polarization separator can 
be assured. 

A microwave apparatus comprises a substantially 
tubular member having a circular waveguide formed 

so therein for receiving input orthogonal polarization elec- 
tromagnetic waves, a first rectangular hole formed in a 
side wall thereof, a second rectangular hole formed in a 
same plane in the same side wall thereof, and a rectan- 
gular waveguide formed therein and extending between 

55 the circular waveguide and the second rectangular hole, 
a reflecting pole located in the circular waveguide and 
having an axis extending perpendicularly to a direction 
in which the input orthogonal polarization electromag- 
netic waves propagate and also to a direction of a line 
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along which the first rectangular hole and the center of 
the circular waveguide lie, the tubular member and the 
reflecting pole constituting a polarization separator, a 
circuit board, a pair of waveguide-microstrip line mode 
transformers located on the circuit board corresponding 5 
to locations of the first and second rectangular holes, 
and a cover for covering over the first and second rec- 
tangular holes and holding the circuit board thereon. 

With the microwave apparatus, since the polariza- 
tion separator is formed as a unitary member together 10 
with a converter which is constituted from the circuit 
board, waveguide-microstrip line mode transformers 
and cover, the microwave apparatus can be produced 
and assembled readily. 

It is an object of the present invention to provide a is 
waveguide-microstrip line mode transformer for use 
with a polarization separator and microwave apparatus 
as described above. 

To solve this object, the present invention provides 
a waveguide-microstrip line mode transformer as 20 
defined in claims 1 or 4. 

According to an aspect of the present invention, 
there is provided a waveguide-microstrip line mode 
transformer for a microwave apparatus, which com- 
prises a circuit board, a microstrip line located on a first 25 
face of the circuit board, a probe connected to the 
microstrip line, a grounding pattern formed on the circuit 
board in such a manner as to surround the probe, a 
grounding layer located on a second face of the circuit 
board opposite to the first face, and a plurality of 30 
through-holes formed in the circuit board for electrically 
connecting the grounding pattern to the grounding layer. 

According to another aspect of the present inven- 
tion, there is provided a waveguide-microstrip line mode 
transformer for a microwave apparatus, which com- 35 
prises a circuit board, a microstrip line located on a first 
face of the circuit board, a probe connected to the 
microstrip line, a grounding pattern formed on the circuit 
board in such a manner as to surround the probe, a 
grounding layer located on a second face of the circuit 40 
board opposite to the first face, and a metal film for cov- 
ering an edge of the circuit board in the inside of a por- 
tion of an element of the microwave apparatus, the 
circuit board including a plurality of layers each in the 
form of a circuit board. 45 

With both of the waveguide-microstrip line mode 
transformers, even if the circuit board on which the 
microstrip line is formed as a multi-layer circuit board, 
otherwise possible leakage of electromagnetic waves 
from the transformer portion to the outside, which so 
makes an obstacle to another antenna, can be pre- 
vented by means of the through-holes or the metal film. 
Further, a high transformation efficiency can be 
achieved by any of the waveguide-microstrip line mode 
transformers, and accordingly, when it is used for a con- ss 
verter, it can achieve a high overall transformation gain 
of the converter. 

The above and other objects, features and advan- 
tages of the present invention will become apparent 



from the following description and the appended claims, 
taken in conjunction with the accompanying drawings in 
which like parts or elements are denoted by like refer- 
ence characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a conventional polar- 
ization separator; 

FIGS. 2A, 2B and 2C are a front elevational view, a 
side elevational sectional view and a top plan view, 
respectively, of the polarization separator shown in 
FIG. 1; 

FIG. 3 is a perspective view of a polarization sepa- 
rator 

FIGS. 4A, 4B, 4C and 4D are a front elevational 

view, a side elevational sectional view, a top plan 

view and a rear elevational view, respectively, of the 

polarization separator shown in FIG. 3; 

FIG. 5 is a perspective view of another polarization 

separator; 

FIGS. 6A, 6B and 6C are a front elevational view, a 
side elevational sectional view and a top plan view, 
respectively, of the polarization separator shown in 
FIG. 5; 

FIG. 7A is a top plan view of a further polarization 
separator, 

and FIG. 7B is a sectional view taken along line A- 
A* of FIG. 7A 

FIG. 8 is a schematic view showing an antenna 
which can receive orthogonal polarization waves 
such as a CS signal reception antenna; 
FIG. 9 is a schematic perspective view showing a 
rectangular waveguide member; 
FIG. 10 is an exploded view of a case of a converter 
FIG. 1 1 is a schematic view showing a circuit board 
of the converter shown in FIG. 10; 
FIGS. 1 2 A and 1 2B are sectional views showing the 
converter of FIG. 10 before and after a polarization 
separator is assembled to the converter, respec- 
tively; 

FIGS. 13A and 13B are a sectional view and a plan 
view, respectively, of a waveguide-microstrip line 
mode transformer to which the present invention is 
applied; 

FIG. 14 is a sectional view of another waveguide- 
microstrip line mode transformer to which the 
present invention is applied; 
FIGS. ISA and 15B are a sectional view and a plan 
view, respectively, of a further waveguide-microstrip 
line mode transformer to which the present inven- 
tion is applied; 

FIGS. 16A and 16B are diagrams showing charac- 
teristics of a transformation signal when an end 
face of a circuit board in the inside of a waveguide 
has a plated layer formed thereon and has through- 
holes formed therein, respectively; 
FIG. 17 is a schematic perspective view of part of a 
converter for converting reception radio waves of a 
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parabola antenna by down conversion; 

FIG. 18 is a block diagram of a signal circuit system 

of a converter; 

FIGS. 19A and 19B are a sectional view and a top 
plan view, respectively, of a conventional s 
waveguide-microstrip line mode transformer 
formed from a single layer circuit board; and 
FIG. 20 is a sectional view of another conventional 
waveguide-microstrip line mode transformer 
formed from a multi-layer circuit board. to 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIGS. 3 and 4A to 4D, there is is 
shown a polarization separator including a substantially 
tubular member 1. The tubular member has a circular 
waveguide 4 formed therein in which the orthogonal 
polarization waves propagate. The tubular member 1 
has a flange 2 having a plurality of through-holes 3 20 
formed therein. The tubular member 1 further has a rec- 
tangular opening 5 formed therein. The construction of 
the polarization separator described above is similar to 
that of the conventional polarization separator 
described hereinabove with reference to FIG. 1, and 25 
accordingly, further overlapping description of the com- 
mon construction is omitted herein to avoid redundancy. 

The polarization separator further includes a metal 
pole 8 for reflecting a horizontal polarization wave com- 
ponent H. The tubular member 1 further has a 30 
waveguide 9 formed therein by drawing upper and lower 
portions of the inner portion of the tubular member 1 so 
as to have a cross section of such a substantially rec- 
tangular shape as seen in FIG. 4D. The tubular member 
1 further has an offset or step 1 0 for changing the circu- 35 
lar inside section of the circular waveguide 4 into the 
rectangular inside section of the waveguide 9. The tubu- 
lar member 1 has an output terminal 1 1 for extracting a 
vertical polarization wave component V therefrom. 

It is to be noted that, in FIG. 3, arrow marks accom- 40 
panied by characters H and V denote horizontal and 
vertical polarization wave components, respectively. 

Orthogonal polarization waves received by a parab- 
ola antenna not shown are inputted as indicated orthog- 
onal arrow marks in FIG. 3 into the circular waveguide 4 45 
by way of a primary horn not shown (primary horn 83 
shown in FIG. 8) and then propagate in the circular 
waveguide 4. 

When the orthogonal polarization waves propagate 
to the metal pole 8 in the circular waveguide 4 as indi- so 
cated by arrow marks in FIG. 3, since a horizontal polar- 
ization wave component H of the orthogonal 
polarization waves is parallel to the metal pole 8, it is 
reflected by the metal pole 8 so that it is thereafter out- 
putted as indicated by an arrow mark from the output ss 
terminal 5 which is a rectangular opening having a 
major side in the direction of the axis of the tubular 
member 1 . 

Meanwhile, since a vertical polarization wave com- 



ponent V is perpendicular to the metal pole 8, it is not 
reflected by the metal pole 8 and consequently contin- 
ues to propagate in the circular waveguide 4. Thus, the 
vertical polarization wave component V passes by the 
offset 10 and then propagates in the substantially rec- 
tangular waveguide 9 so that it is thereafter outputted as 
indicated by an arrow mark from the output terminal 1 1 
ol the tubular member 1 . 

It is to be noted that the cutoff frequency fc of a rec- 
tangular waveguide is given, where, as shown in FIG. 9, 
the width of the rectangular waveguide of a waveguide 
member 91 is represented by a, by the following equa- 
tion (1): 

fc = C/2a (1) 

where C is the velocity of light. 

The width a of the substantially rectangular 
waveguide 9 of the tubular member 1 of the polarization 
separator shown in FIGS. 3 and 4A to 4D is set so that 
the frequency fv of the vertical polarization wave com- 
ponent may be higher than the cutoff frequency fc given 
by the equation (1) above. 

Meanwhile, for the horizontal polarization wave 
component H, the cutoff frequency fc is calculated in 
accordance with the equation (1) with the width a substi- 
tuted for b since the side of the length a of the 
waveguide 9 extends in parallel to the direction of the 
electric field of the horizontal polarization wave compo- 
nent H. Accordingly, the cutoff frequency fc of the 
waveguide 9 is high and the frequency fh of the horizon- 
tal polarization wave component H is lower than the cut- 
off frequency fc, and consequently, the horizontal 
polarization wave component H cannot propagate 
across the step 10 and accordingly will not leak to the 
output terminal 9 at all. 

It is to be noted that the frequency fv of the vertical 
polarization wave component V and the frequency fh of 
the horizontal polarization wave component H in the 
waveguide are equal frequencies to each other of, for 
example, 12 GHz. 

Where the waveguide 9 for introducing only the ver- 
tical polarization wave component V which is not 
reflected by the metal pole 8 is constructed in a cutoff 
structure for the horizontal polarization wave compo- 
nent H, the horizontal polarization wave component H 
can be reflected sufficiently not by such a long reflecting 
member having a considerable width as the reflection 
plate 6 but only by the metal pole 8. 

In other words, in the polarization separator, sinc^ 
the reflection means can be formed from an elongated 
bar-like metal pole, the circular waveguide 4 can be 
made short and the entire polarization separator 1 can 
be minimized. 

It is to be noted that, while the location of the metal 
pole 8 must be a little rearward] y of the center as viewed 
from the opening of the output terminal 5. if the location 
of the metal pole 8 is adjusted finely or the size of the 
circular waveguide 4 is varied, then the frequency char- 
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acteristic of the polarization separator varies, and 
accordingly, the location of the metal pole 8 should be 
determined so that a desired characteristic may be 
obtained taking them into account. 

The metal pole 8 can be formed, for example, by s 
screwing a long screw into the circular waveguide 4, 
which facilitates production and fixation of the Election 
means. 

Referring now to FIGS. 5 and 6A to 6C, there is 
shown another polarization separator to which the 10 
present invention is applied. The present polarization 
separator is a modification to the polarization separator 
described hereinabove with reference to FIGS. 3 and 
4A to 4D, and only differences of it will be described 
while description of common components is omitted 75 
herein to avoid redundancy. 

In the present polarization separator, an iris 12 is 
provided for restricting the opening of the output termi- 
nal 5 of the tubular member 1 for the horizontal polariza- 
tion wave component H. The tubular member 1 is 20 
ground flat at an outer side portion thereof to form a flat 
face portion 1 3 which facilitates extraction of an output 
of the polarization separator. The waveguide 9 is bent at 
a corner 1 4 for reflecting the propagation direction of the 
vertical polarization wave component V in order to dis- 25 
pose an output terminal 15 for the vertical polarization 
wave component V on the same plane as the output ter- 
minal 5 for the horizontal polarization wave component 
H. 

In the polarization separator described hereinabove 30 
with reference to FIGS. 3 and 4A to 4D, the opening of 
the output terminal 5 for the horizontal polarization wave 
component H is large, and due to the construction, the 
electric field of the vertical polarization wave component 
V is disordered in distribution at the location of the open- 35 
ing so that a reflected wave which returns to the input 
terminal is produced or an undesired polarization wave 
component leaks to the output terminal, resulting in 
obstruction to enhancement of the separation efficiency. 

Therefore, in the polarization separator shown in 40 
FIGS. 5 and 6A to 6C, the iris 1 2 is provided in the open- 
ing of the output terminal 5, through which the horizon- 
tal polarization wave component H is outputted, to 
restrict the opening. 

As seen in FIGS. 5 and 6A to 6C, the iris 12 has a 45 
substantially rectangular opening which is rounded at 
the opposite ends thereof so as to exhibit a generally 
elliptical shape as seen in FIG. 6C, and the area of the 
opening of the iris 12 is a little smaller than the area of 
the opening of the output terminal 5. Consequently, by so 
locating the iris 1 2 in the opening of the output terminal 
5, the opening area at the boundary between the output 
terminal 5 and the circular waveguide 4 is narrowed so 
that otherwise possible disorder of the electromagnetic 
field of the vertical polarization wave component V in ss 
the opening area of the output terminal 5 can be sup- 
pressed. 

Further, in the polarization separator 1 shown in 
FIGS. 5 and 6A to 6C, the waveguide 9 for the vertical 



polarization wave component V is bent at the corner 14 
thereof so as to bend the propagation direction of the 
vertical polarization wave component V upwardly so 
that the output terminal 15 for the vertical polarization 
wave component V is provided at the flat face portion 13 
which is formed by grounding an outside portion of the 
tubular member 1 flat and lies in the same plane as the 
output terminal 5 for the horizontal polarization wave 
component H. 

This construction allows outputs of the vertical 
polarization wave component V and the horizontal 
polarization wave component H to be extracted from the 
same plane, and consequently, extraction means for the 
horizontal polarization wave component H and the verti- 
cal polarization wave component V can be formed as a 
unitary member and placed on the flat face portion 13 of 
the circular waveguide 4. Accordingly, for example, it is 
easy to supply the outputs of the two polarization wave 
components to different function circuits provided on a 
common circuit board. 

By the way, in the polarization separator 1 shown in 
FIGS. 5 and 6, since the iris 12 is provided, disorder of 
the electromagnetic field in the proximity of the opening 
from which the horizontal polarization wave component 
H is extracted can be prevented, but since the imped- 
ance varies suddenly at the location of the iris 12, it 
sometimes difficult to establish impedance matching 
with a circuit following the same. 

FIGS. 7A and 7B show a waveguide-microstrip line 
mode transformer which is a modification to the 
waveguide-microstrip line mode transformer described 
above with reference to FIGS. 6A to 6C and is modified 
such that impedance matching can be established read- 
ily while the iris 12 is provided. Thus, only differences of 
it will be described while description of common compo- 
nents is omitted herein to avoid redundancy. 

Referring to FIGS. 7A and 7B, the waveguide- 
microstrip line mode transformer shown additionally 
includes a probe 16 disposed in the proximity of the iris 
12 and formed from a microstrip line for extracting and 
supplying a horizontal polarization wave component H 
to the converter 84 (FIG. 8), another probe 17 disposed 
in the proximity of the output terminal 11 and formed 
from another microstrip line for extracting and supplying 
a vertical polarization wave component V, and a metal 
lid member 20 placed on the flat face portion 13, on 
which the output terminals 5 and 11 of the polarization 
separator 1 are provided, and having hollows formed on 
a face thereof opposing to the flat face portion 13 for 
defining spaces from which the horizontal polarization 
wave component H and the vertical polarization wave 
component V are extracted. 

It is to be noted that FIG. 7A shows the flat face por- 
tion 13 with the lid member 20 removed, and FIG. 7B is 
a sectional view taken along line A- A' of the polarization 
separator 1 shown in FIG. 7A. 

In the waveguide-microstrip line mode transformer 
shown in FIGS. 7A and 7B, the horizontal polarization 
wave component H reflected by the metal pole 8 propa- 
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gates through the iris 12 to the output terminal 5. The 
horizontal polarization wave component H then propa- 
gates in a space defined by the output terminal 5 and 
one of the hollows of the lid member 20 and is received 
by the probe 1 6 which is located in the space. 5 

The probe 1 6 is constituted from part of the micros- 
trip line of the converter 84 described hereinabove, and 
consequently, the horizontal polarization wave compo- 
nent H received by the probe 16 is supplied from the 
probe 16 to the converter 84 by way of the microstrip 10 
line. 

The input impedance to the converter 84 can be 
adjusted readily by varying the configuration of the 
probe 16. Accordingly, by employing such probe 16, 
impedance matching between the waveguide and the 15 
converter 84 can be established readily. 

It is to be noted that the vertical polarization wave 
component V propagates along the corner 14 of the 
waveguide 9 and is outputted from the output terminal 
15, whereafter it is received by the other probe 17 20 
located in the other space defined by the output terminal 
1 5 and the other hollow of the lid member 20 and is then 
supplied to another input terminal of the converter 84. 

Referring now to FIG. 10, there is shown a structure 
wherein a polarization separator and a shield case of a 25 
converter are formed as a unitary member 

The converter is generally denoted at 100 while the 
polarization separator is generally denoted at 101 . The 
polarization separator 101 separates orthogonal polari- 
zation waves received by a parabola antenna not shown 30 
in FIG. 10 into vertical polarization waves and horizontal 
polarization waves. A shield case 102 is provided for 
shielding such circuits as amplifiers and mixers 
mounted on a circuit board 105. The polarization sepa- 
rator 101 includes a rectangular waveguide 103 having 35 
an end portion from which separated horizontal polari- 
zation waves H are outputted and another rectangular 
waveguide 104 having an end portion from which sepa- 
rated vertical polarization waves are outputted. The cir- 
cuit board 105 further has a probe 106 for receiving 40 
horizontal polarization waves and another probe 1 07 for 
receiving vertical polarization waves. A shield cover 108 
serves as a lid for the shield case 1 00, and a waterproof 
case 109 is used to protect the elements in the shield 
case 1 00 from water. * 5 

As seen in FIG. 10, the converter 100 is formed as 
a unitary member by molding of a metal such as alumi- 
num and including the shield case 102 and the polariza- 
tion separator 101, and orthogonal polarization waves 
including a horizontal polarization wave component and sc 
a vertical polarization wave component are introduced 
into the polarization separator 101. The horizontal 
polarization wave component separated by the polariza- 
tion separator 101 is outputted from the waveguide 103 
while the separated vertical polarization wave compo- st 
nent is outputted from the waveguide 104. 

A stepped portion 102a is formed on an inner cir- 
cumferential face of the shield case 102, and the circuit 
board 105 is mounted as indicated by an arrow mark in 



FIG. 1 0 such that peripheral portions of the circuit board 
105 are received by the stepped portion 102a. 

The circuit board 105 is constituted from a double- 
sided printed circuit board formed from, for example, a 
glass epoxy resin plate. The probe 106 for extracting 
horizontal polarization waves, the other probe 107 for 
extracting vertical polarization waves, amplifiers, mixers 
and various other electric circuits are incorporated in 
the printed circuit board and connected to each other by 
way of microstrip lines. When the circuit board 105 are 
placed in position on the stepped portion 102a of the 
shield case 102, the probes 106 and 107 provided on 
the circuit board 105 are positioned at end portions of 
the waveguides 103 and 104, respectively. 

If the circuit board 105 is mounted onto the shield 
case 102 and then the shield case 102 is covered with 
the shield cover 108 as indicated by an arrow mark in 
FIG. 10, then the end portions of the waveguides 103 
and 104 are terminated by respective hollows formed 
on the shield cover 108 while the circuit board 105 is 
held between and fixed by the end portions of the 
waveguides 103 and 104 and the shield cover 108. Fur- 
ther, since the circuit board 105 is accommodated in a 
space defined by and between the shield case 102 and 
the shield cover 108, it is electromagnetically shielded 
and will not allow leakage of disturbing waves. 

Meanwhile, when it is intended to protect the con- 
verter 100 from water, the shield cover 108 should be 
covered with the waterproof case 109. 

An example of the circuit board 105 is shown in 
FIG. 1 1 . Referring to FIG. 1 1, the probes 106 and 107 
are formed from printed wires on the circuit board 105, 
and also microstrip lines 51 , 53, 56 and 57 are formed 
from printed wires on the circuit board 105. Amplifier 
FETs (f ield effect transistors) 52 and 54 are soldered to 
the microstrip lines 51, 53, 56 and 57. The probe 106 
receives horizontal polarization waves from an end por- 
tion of the waveguide 103, and the other probe 107 
receives vertical polarization waves from an end portion 
of the waveguide 104. A plurality of through-holes 50 
are formed for a grounding line 55 around the probes 

106 and 107. A vertical polarization signal propagates 
in the microstrip lines 51 and 56 and is amplified by the 
FET 52 while a horizontal polarization signal propa- 
gates in the microstrip lines 53 and 57 and is amplified 
by the FET 54. 

In the circuit board 105 shown in FIG. 1 1 , a horizon- 
tal polarization signal received by the probe 106 located 
at the end portion of the waveguide 103 propagates in 
the microstrip line 53 and is then amplified by the FET 
54, whereafter it is outputted to the microstrip line 57 
connected to a mixer not shown. Then, the frequency of 
the horizontal polarization signal is converted by down 
conversion into a signal of an intermediate frequency. 

Meanwhile, a vertical signal received by the probe 

107 located at the end portion of the waveguide 104 
propagates in the microstrip line 51 and is then ampli- 
fied by the FET 52, whereafter it is outputted to the 
microstrip line 56 connected to another mixer not 
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shown. Then, the frequency of the vertical polarization 
wave component is converted by down conversion into 
a signal of an intermediate frequency. 

The through-holes 50 perforated around the probes 
106 and 107 connect a grounding line on the front face 
and another grounding line on the rear face of the 
printed circuit board 105 to each other. The through- 
holes 50 are arranged such that they surround printed 
wiring portions blanked in substantially same shapes as 
the shapes of cross sections of the waveguides 103 and 

104 so that vertical and horizontal polarization signals 
may not leak from the locations. 

Preferably, the distance between the through-holes 
50 is set so that it may be smaller than a cutoff fre- 
quency of electromagnetic waves outputted from the 
waveguides 103 and 104. 

Where the through-holes 50 are provided in this 
manner, the characteristic of the waveguide-microstrip 
line mode transformer can be improved as hereinafter 
described. 

Referring now to FIGS. 12A and 12B, the circuit 
board 105 is shown held between the polarization sep- 
arator 101 provided integrally on the shield case 102 
and the shield cover 108. In particular, FIG. 12A shows 
in cross sectional view an arrangement of the circuit 
board 105 disposed in an opposing relationship to the 
end portion of the waveguide 104 and the shield case 
108 disposed in an opposing relationship to the circuit 
board 105, and FIG. 12B shows the circuit board 105 
held between and fixed by the end portion of the 
waveguide 104 and the shield case 108. 

The shield cover 108 has a hollow 60 formed ther- 
eon for terminating the waveguide 104. The hollow 60 
has a depth of A/4 and is defined by a projection 61 
formed on the shield cover 1 08. The circuit board 1 05 is 
held between and fixed by the polarization separator 
101 and the shield cover 108, which are fastened 
together by means of a plurality of machine screws 62. 
It is to be noted that a grounding pattern 58 is formed on 
the rear face of the circuit board 1 05. 

In assembly, the polarization separator 101 , the cir- 
cuit board 105 and the shield case 108 are disposed in 
such a condition as shown in FIG. 12A and then con- 
tacted with each other, and then the machine screws 62 
are screwed to fasten the shield case 108 to the polari- 
zation separator 101. Consequently, the circuit board 

1 05 is held between and fixed by the polarization sepa- 
rator 101 and the shield case 1 08 as shown in FIG. 12B. 

In the construction shown in FIG. 12B, since the 
end portion of the waveguide 104 of the polarization 
separator 101 is terminated by the hollow 60 of the 
depth of XtA of the shield case 1 08. a signal of a vertical 
polarization wave component can be extracted effi- 
ciently from the probe 107. The signal of the vertical 
polarization wave component propagates in the micros- 
trip line 51 and is inputted to the FET 52. Consequently, 
the signal of the vertical polarization wave component is 
amplified by and outputted from the FET 52 to the 
microstrip line 56. 



Meanwhile, though not shown, a signal of a hori- 
zontal polarization wave component is received by the 
probe 106, amplified by the FET 54 and outputted to the 
microstrip line 57 similarly to the signal of the vertical 

5 polarization wave component. 

Where the polarization separator 101 is molded 
integrally with the shield case 102 of the converter 100 
and the shield cover 108 is mounted as a lid member on 
the shield case 102 in this manner, the waveguide- 

10 microstrip line mode transformer can be constructed 
readily and minimized in loss. Further, the converter 100 
is superior in cross polar characteristic. 

Referring now to FIGS. 13A and 13B, there is 
shown in sectional view and plan view a waveguide- 

15 microstrip line mode transformer applied to a converter 
according to the present invention. A waveguide mem- 
ber 1 12 is shown in section and has an internal space or 
waveguide 1 12A in which electromagnetic waves in the 
form of horizontally polarization waves or vertical polar- 

20 ization waves are present. 

A circuit board on which MIC parts are mounted is 
formed as a multi-layer circuit board including a first cir- 
cuit board 1 13 made of Teflon or a like material and a 
second circuit board 114 formed from a glass epoxy 

25 resin plate as seen in FIG. 13B. 

A center conductor 1 13A is formed on a surface of 
the first circuit board 113 and has an end portion which 
serves as a probe P. The probe P extends into the inside 
of the waveguide member 112 so that electromagnetic 

30 waves may be extracted into the microstrip line. 

Grounding conductors 113B and 114A and a por- 
tion of the second circuit board 1 1 4 are removed from a 
portion of the multi-layer circuit board located in the 
space 1 1 2A, and a corresponding portion of the first cir- 

35 cuit board 11 3 is fixed in a sandwiched condition in por- 
tions of opposing side walls of the waveguide member 
112. 

Electroplating is applied in advance to end faces R 
of the circuit boards 1 13 and 1 14 which face the inside 

40 of the waveguide member 1 1 2 so that electromagnetic 
waves may be intercepted from leaking to the outside 
through the portions. 

Consequently, a microwave signal can be pre- 
vented from leaking from the transformer portion from 

45 which the output of the waveguide member 112 is 
extracted into the microstrip line formed on the multi- 
layer circuit board from which the converter is formed. 

While the waveguide-microstrip line mode trans- 
former is described constructed such that the multi- 

so layer circuit board is formed as a two-layer circuit board, 
a modified waveguide-microstrip line mode transformer 
wherein the multi-layer circuit board is formed as a 
three-layer circuit board is shown in FIG. 14. 

Referring to FIG. 14, the multi-layer circuit board of 

55 the modified waveguide-microstrip line mode trans- 
former includes an additional circuit board 115 forming 
a third layer. 

Also in the present waveguide-microstrip line mode 
transformer, portions of the grounding conductors 1 1 3B, 
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1 14A and 115A of the circuit boards 1 13, 114 and 115 
and portions of the second and third circuit boards 114 
and 115 which are located in the inside of the 
waveguide member 1 12 are removed, and end faces R 
of the second and third circuit boards 114 and 115 
which are produced in the inside of the waveguide 
member 112 as a result of such removal are plated by 
electroplating to form conductive layers. 

While electroplating is applied to the end faces of 
the circuit boards in the inside of the waveguide mem- 
ber of the waveguide-microstrip line mode transformer 
described above, alternatively through-holes may be 
perforated at portions adjacent the end faces R of the 
circuit boards in the inside of the waveguide member 
1 1 2 to prevent leakage of electromagnetic waves. 

FIGS. 15A and 15B show another modification to 
the waveguide-microstrip line mode transformer. The 
modified waveguide-microstrip line mode transformer is 
constructed such that leakage of electromagnetic 
waves is prevented by means of through-holes in place 
of an electroplated layer. 

In particular, a plurality of through-holes 116 are 
perforated in the first circuit board 113 and the second 
circuit board 114 and short-circuit the grounding con- 
ductor 113B of the first circuit board 113 and the 
grounding conductor 114A of the second circuit board 
114. The through-holes 1 16 are disposed in an aligned 
condition with a center line of the side wall of the 
waveguide member 112 shown in FIG. 15B. 

Preferably, the distance d between the through- 
holes 116 is set smaller than a cutoff wavelength of 
electromagnetic waves to be introduced into the inside 
of the waveguide member 112. 

In the present waveguide-microstrip line mode 
transformer, the through-holes are formed upon produc- 
tion of the multi-layer circuit board, and then in the proc- 
ess of mounting MIC parts onto the multi-layer circuit 
board, the grounding conductors on the first and second 
circuit boards are short-circuited by way of the through- 
holes 117. Consequently, an operation of performing 
electroplating can be omitted. 

FIGS. 16A and 16B illustrate the transformation 
characteristics of waveguide-microstrip line mode trans- 
formers. In particular, FIG. 16A illustrates the transfor- 
mation characteristic of a waveguide-microstrip line 
mode transformer wherein such through-holes as 
described above are formed in a portion of the multi- 
layer circuit board aligned with the side wall of the 
waveguide, and FIG. 16B illustrates the transformation 
characteristic of another waveguide-microstrip line 
mode transformer wherein such through-holes are not 
formed. 

Where through-holes are not formed, the passage 
characteristic exhibits a degradation at the frequency of 
12 to 13 GHz as seen from FIG. 16A, but where such 
through-holes are formed, the passage characteristic is 
improved as seen from FIG. 1 6B. 

According to a further aspect, the present invention 
provides a polarization separator for a microwave appa- 



ratus, comprising: a substantially tubular member hav- 
ing a circular waveguide formed therein for receiving 
input orthogonal polarization electromagnetic waves, a 
first rectangular hole formed in a side wall thereof, a 
5 second rectangular hole formed in a portion thereof 
remote from the portion at which the input orthogonal 
polarization electromagnetic waves are received, and a 
rectangular waveguide formed therein and extending 
between said circular waveguide and said second rec- 
70 tangular hole; and a reflecting pole located in said circu- 
lar waveguide and having an axis extending 
perpendicularly to a direction in which the input orthog- 
onal polarization electromagnetic waves propagate and 
also to a direction of a line along which said first rectan- 
is gular hole and the center of said circular waveguide lie. 
According to a further aspect of the invention, a 
polarization separator for a microwave apparatus com- 
prises: a substantially tubular member having a circular 
waveguide formed therein for receiving input orthogonal 
20 polarization electromagnetic waves, a first rectangular 
< hole formed in a side wall thereof, a second rectangular 
hole formed in a same plane in the same side wall 
thereof, and a rectangular waveguide formed therein 
and extending between said circular waveguide and 
25 said second rectangular hole; and a reflecting pole 
located in said circular waveguide and having an axis 
extending perpendicularly to a direction in which the 
input orthogonal polarization electromagnetic waves 
propagate and also to a direction of a line along which 
30 said first rectangular hole and the center of said circular 
waveguide lie. 

The tubular member and said reflecting pole are 
made of a metal. The dimensions of height and width of 
said rectangular waveguide are determined such that 
35 said rectangular waveguide has a cutoff frequency 
higher than that of a first one of the input orthogonal 
polarization electromagnetic waves but lower than that 
of a second one of the input orthogonal polarization 
electromagnetic waves. 
40 A reflecting face for changing the direction of prop- 
agation of the second electromagnetic wave in said rec- 
tangular waveguide approximately by 90 degrees in 
said rectangular waveguide is formed in said rectangu- 
lar waveguide. 

45 The polarization separator for a microwave appara- 
tus further comprises an iris fitted in at least one of said 
first and second rectangular holes and having an open- 
ing formed therein, said opening of said iris being 
smaller than said first and/or second rectangular holes. 

so The opening of the iris has an elliptic shape. The reflect- 
ing pole is a bolt. 

According to a further aspect of the invention, a 
microwave apparatus comprises: a substantially tubular 
member having a circular waveguide formed therein for 

55 receiving input orthogonal polarization electromagnetic 
waves, a first rectangular hole formed in a side wall 
thereof, a second rectangular hole formed in a same 
plane in the same side wall thereof, and a rectangular 
waveguide formed therein and extending between said 
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circular waveguide and said second rectangular hole; a 
reflecting pole located in said circular waveguide and 
having an axis extending perpendicularly to a direction 
in which the input orthogonal polarization electromag- 
netic waves propagate and also to a direction of a line 5 
along which said first rectangular hole and the center of 
said circular waveguide lie; said tubular member and 
said reflecting pole constituting a polarization separator; 

a circuit board; 10 
a pair of waveguide-microstrip line mode transform- 
ers located on said circuit board corresponding to 
locations of said first and second rectangular holes; 
and 

a cover for covering over said first and second rec- 75 
tangular holes and holding said circuit board ther- 
eon. 

The microwave apparatus further comprises a 
shield case for covering over said polarization separator 20 
as well as an electric circuit on said circuit board includ- 
ing said waveguide-microstrip line mode transformers, 
and a waterproof case for covering said shield case and 
said cover. The cover has a pair of hollows formed ther- 
eon corresponding to said first and second rectangular 25 
holes, wherein the hollows of said cover have a depth 
substantially equal to one fourth of a wavelength of the 
input electromagnetic waves. 

Claims 30 



distance smaller than a cutoff wavelength of the 
input electromagnetic waves. 

A waveguide-microstrip line mode transformer for a 
microwave apparatus, comprising: 

a circuit board (113, 114); 

a microstrip line (113A) located on a first face 

of said circuit board (113, 114); 

a probe (P) connected to said microstrip line 

(113A); 

a grounding pattern (1 13B) formed on said cir- 
cuit board (1 13, 1 14) in such a matter as to sur- 
round said probe (P); 

a grounding layer (11 4A) located on a second 
face of said circuit board (1 13, 114) opposite to 
said first face; and 

a metal film for covering an edge of said circuit 

board in the inside of a portion of an element of 

said microwave apparatus; 

said circuit board including a plurality of layers 

(113, 114, 115), each in the form of a circuit 

board. 

A waveguide-microstrip line mode transformer for a 
microwave apparatus as claimed in claim 4, 
wherein said element of said microwave apparatus 
is a polarization separator. 



A waveguide-microstrip line mode transformer for a 
microwave apparatus, comprising: 

a circuit board (1 13, 1 14); 35 

a microstrip line (113A) located on a first face 

of said circuit board (113, 114); 

a probe (P) connected to said microstrip line 

(113A); 

a grounding pattern (1 13B) formed on said cir- 40 
cuit board (113, 114) in such a manner as to 
surround said probe (P); 
a grounding layer (1 14 A) located on a second 
face of said circuit board (1 13, 1 1 4) opposite to 
said first face; and 45 
a plurality of through-holes (116) formed in said 
circuit board (1 13, 1 14) for electrically connect- 
ing said grounding pattern (113B) to said 
grounding layer (114A). 

50 

A waveguide-microstrip line mode transformer for a 
microwave apparatus as claimed in claim 1, 
wherein said circuit board includes a plurality of lay- 
ers (113, 114, 115) each in the form of a circuit 
board. 55 



A waveguide-microstrip line mode transformer for a 
microwave apparatus as claimed in claim 1 or 2, 
wherein said through-holes (116) are formed at a 



11 



EP 0 788 183 A2 



F I G. I 




12 



EP 0 788 183 A2 




13 



EP 0 788 183 A2 




14 



EP 0 788 183 A2 




EP 0 788 183 A2 



F I G. 5 




16 



EP 0 788 183 A2 




17 



EP 0 788 183 A2 



F I G.7A 



A 



12 

I 




I 



13 



( 



15 

( 



17 



TO CONVERTER 



'A 

TO CONVERTER 



F I G. 7B 



20 




18 




OMor^j-voini. , c: o moo -t oo a o i ^ 



19 



EP 0 788 183 A2 




EP 0 788 183 A2 




Fl G. I2A 

THROUGH- 



F I G. I2B 



HOLE 




POLARIZATION 
SEPARATOR 



CIRCUIT 
BOARD 



MICROSTRI 
LINE 




MICRO STRIP 
LINE 



21 



EP 0 788 1 83 A2 



F I G.I3A 



1 


II2A 


1 


II3A 113 

S ( ^ 




III! 


_ 1 13D 
R R 


nun iui \a\ 


'///. 




\ M3B ,^ 
I14A 


'//////////, 



F I G.I3B 




22 



EP 0 788 183 A2 



F I G. I 5 A 




F I G. I5B 



II3B ||3 




23 



EP 0 788 183 A2 




F I G. I 6B 



PASSAGE 
CHARACTERISTIC 




24 




nrosnnnm- <fp o7rrirsa? i > 



25 



EP 0 788 183 A2 



_! 



i 



O 
Q 

I 
I 



, WTT^ 

_J 



03 




1 Q 



CM 



/clV 

/ 2 \ 

/ < \ 
/ i \ 




/ ^\ 
/ < \ 








I 

X 

CO 



> 

00 



26 



EP 0 788 183 A2 



F I G. I9A 



*- 

12— ■ 




II2A 
P 

, > 


H 


II2B U3A 








/ 

II3D 




\ < ' 
II3B 113 


vw//////,. 



F I G. I9B 



113 

I 




F I G. 20 




27 



(19) 



J) 



(12) 



(88) Date of publication A3: 

20.08.1997 Bulletin 1997/34 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (ii) EP 0 788 183 A3 

EUROPEAN PATENT APPLICATION 

(51) lnt.CI 6 : H01P 5/107, H01P 1/161 



(43) Date of publication A2: 

06.08.1997 Bulletin 1997/32 

(21) Application number: 97106177.5 

(22) Date of filing: 08.11.1993 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 10.11.1992 J P 323732/92 

1 3.1 1 .1992 JP 327549/92 

05.03.1993 JP 76403/93 

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
93118101.0/0 597 433 

(71) Applicant: SONY CORPORATION 
Tokyo (JP) 

(72) Inventors: 

• Yoshida, Yoshikazu 
Shinagawa-ku, Tokyo (JP) 



• Kawasaki, Kenichi 
Shinagawa-ku, Tokyo (JP) 

• Horisawa, Shozo 
Shinagawa-ku, Tokyo (JP) 

• Mita, Hiroyuki 
Shinagawa-ku, Tokyo (JP) 

• Fukuzawa, Keiji 
Shinagawa-ku, Tokyo (JP) 

(74) Representative: Muller, Frithjof E., Dipl.-lng. 
Patentanwalte 
MULLER & HOFFMANN, 
Innere Wiener Strasse 17 
81667 Munchen (DE) 



CO 
< 

CO 
CO 



(54) Waveguide-microstrip line mode transformer for microwave apparatus 



(57) The present invention relates to a waveguide- 
microstrip line mode transformer for a microwave appa- 
ratus, which comprises: 

a circuit board (113, 114), a microstrip line (113A) 
located on a first face of said circuit board (113, 
114), a probe (P) connected to said microstrip line 
(113A), a grounding pattern (113B) formed on said 
circuit board (1 1 3, 1 1 4) in such a manner as to sur- 
round said probe (P), a grounding layer (114A) 
located on a second face of said circuit board (113, 
114) opposite to said first face, and a plurality of 
through-holes (116) formed in said circuit board 
(113, 114) for electrically connecting said ground- 
ing pattern (1 13B) to said grounding layer (1 14A). 



112 



i 



F I G . I 3A 

1,24 w 

II3A 



'/y//////y7) < 1,36 



I4A 



I 

114 



CO 
CO 

o 

Q_ 
LU 



Primed by Rank Xerox (UK) Business Services 
2.14.12/3.4 



EP 0 788 183 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numbs 

EP 97 10 6177 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



US 2 877 429 A (SOMMERS ET AL.) 

* the whole document * 

EP 0 249 310 A (MARCONI CO CANADA) 16 
December 1987 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 010, no. 283 (E-440), 26 September 

1986 

& JP 61 102802 A (NEC CORP), 21 May 1986, 

* abstract * 



Relevant 
to claim 



1,3,4 
1.4 



CLASSIFICATION OF THE 
APPLICATION (Int.CL6) 



H01P5/1O7 
H01P1/161 



TECHNICAL FIELDS 
SEARCHED (lnt.Cl.6) 

H01P 



The present search report has been drawn up for all claims 



THE HAGUE 



D*e «f CMpldkMi of the tearcb 

27 June 1997 



Den Otter, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



2 



BNSDOCID: <FP 07AR1B3A3 1 > 



